HRONIC compressive cervical lesions such as cervical spondylotic myelopathy and cervical ossification of the posterior longitudinal ligament are treated surgically when an associated severe motor and/or sensory disability is present. Respiratory function, however, is not always properly assessed or is often ignored in these patients despite the possible impairment by the cervical lesions. This failing is probably because respiratory dysfunction causes subclinical symptoms; however, lesions located above C-3 may prove a potential risk factor for respiratory impairment in patients with spinal cord injuries. 9, 10, 17 There have been few detailed reports of the respiratory function of patients with CCM.
HRONIC compressive cervical lesions such as cervical spondylotic myelopathy and cervical ossification of the posterior longitudinal ligament are treated surgically when an associated severe motor and/or sensory disability is present. Respiratory function, however, is not always properly assessed or is often ignored in these patients despite the possible impairment by the cervical lesions. This failing is probably because respiratory dysfunction causes subclinical symptoms; however, lesions located above C-3 may prove a potential risk factor for respiratory impairment in patients with spinal cord injuries. 9, 10, 17 There have been few detailed reports of the respiratory function of patients with CCM.
Respiratory function is controlled by the phrenic (C3-5) nerves, the intercostal (T2-10) nerves, and autonomic nerve, especially the sympathetic (T1-L3) nerves. Therefore, smooth and effective breathing under normal conditions would be impaired by disrupting descending neural pathways at any level in the cervical spine. 4, 5, 18 Even if the impairment of neural function was subclinical, the effect might lead to the deterioration of pulmonary function during the acute postoperative stage. We have often observed acute respiratory complications after cervical spine surgery (presumably due to the prone position required during the operation): swelling of the soft tissue around the airway, or microatelectasis in the lung and possible subclinical pulmonary dysfunction. Therefore, a preoperative evaluation of respiratory function is important to avoid related postoperative respiratory complications in patients with CCM. The purpose of this study was to elucidate the potential respiratory dysfunction in patients with CCM by using routine spirometric parameters.
Clinical Material and Methods
Ninety-four patients, 72 men and 22 women, with significant motor and sensory disability due to CCM were included in this study. In all patients diagnosis was corroborated by magnetic resonance imaging. Patients with pulmonary disorders such as asthma and chronic obstructive pulmonary disease were excluded from the study group. The patients ranged in age from 37 to 83 years (mean 60.2 years). Sixty-six patients suffered cervical spondylotic myelopathy, 25 ossification of posterior longitudinal ligament, and three destructive spondylotic myelopathy. Cervical laminoplasty was performed in all cases between 1993 and 2001. Informed consent was obtained from each patient, and spirometrtic data were collected while the patients were in the sitting position before surgery. A control group of 84 patients with lumbar spinal disorders without cervical disorders and pulmonary diseases (65 men and 19 women) was enrolled. The lumbar disorders included canal stenosis in 64 cases and spondylolisthesis in 20 cases. The control group was matched for sex, age, height, and weight as much as possible.
The spirometric parameters measured were VC, TV, FVC, and FEV 1 . The predicted values for vital capacity were based on a patient's height, age, and sex according to the method proposed by Baldwin, et al. 1 Values of %VC, %FVC (that is, measured value/expected value ϫ 100) as well as the value of %FEV 1 (that is, measured FEV 1 /predicted FEV 1 ϫ 100) were calculated in each case. Peak expiratory flow rates; expiratory flow rate at 75, 50, and 25% of maximal expiratory forced vital capacity (V75, V50, and V25, respectively); and respiratory rate per minute at rest were also measured. It has been reported that V75 depends on a patient's effort but that V50 and V25 are independent of such effort. Preoperative arterial blood gas data were also acquired in standard fashion (pH, PaCO 2 , PaO 2 , HCO 3 , base excess and SaO 2 ). Neurological status was evaluated using the JOA scoring system (Table 1) . 7 The spirometric and blood gas data obtained in the CCM group and control group were compared and analyzed statistically. Additionally, the CCM group was subdivided into two groups (one with major a spinal compressive lesion above C3-4 and one without a spinal lesion above C3-4) to compare the severity of the respiratory dysfunction.
We also looked for an association between respiratory dysfunction and motor and sensory disabilities by using the functional rating system for cervical myelopathy proposed by the JOA.
Statistical analysis was performed using the MannWhitney U-test. A probability value less than 0.05 was considered significant. All values are expressed as the means Ϯ SDs.
Results

Spirometric Data
Demographic data are summarized in Table 2 . There were no significant differences in sex, age, height, weight, and smoking status between the CCM group and control group.
Spirometric data are summarized in Table 3 . The mean %VC and %FVC values in the CCM group were 96.2 Ϯ 16.3 and 93.2 Ϯ 19.6%, respectively, and were significantly lower in the CCM group than those (109.3 Ϯ 16.3 and 107.2 Ϯ 16.4%, respectively) in the control group (p Ͻ 0.0001). The mean %FEV 1 value was 79 Ϯ 10.6%, and this was significantly higher than that in the control group (75.2 Ϯ 7.8%; p Ͻ 0.01). The resting respiratory rate per minute was elevated in the CCM group (19.9 Ϯ 6.5) compared with that in the control group (17.4 Ϯ 4; p Ͻ 0.01). The V50 was 3.01 Ϯ 1.36 L/second in the CCM group, whereas it was 2.62 Ϯ 1.03 L/second in the control group (p Ͻ 0.04); the V25 was 0.89 Ϯ 0.57 L/second in the CCM group, whereas it was 0.68 Ϯ 0.41 L/second in the control group, a significant difference (p Ͻ 0.009). The mean flow volume pattern of respiration in both groups is delineated in Fig. 1 . These results indicate that respiration, specifically expiration, in patients with CCM was not deep enough. Intergroup arterial blood gas data did not differ significantly.
Level of Compression and Respiratory Function
Data obtained in cases of CCM with or without the compression above C3-4 are summarized in Table 3 . The mean value of %VC was significantly lower in the 53 patients with a lesion above C3-4 (93.1 Ϯ 15.8%) than in the 41 patients in whom the lesion was located below C3-4 (100.2 Ϯ 16.2%; p Ͻ 0.03). There were no significant intergroup differences in mean TV, %FVC, %FEV 1 , V75, V50, and V25 values. There were no significant arterial blood gas value differences between the groups.
Association of Respiratory Parameters With Functional Disability
Fortunately, there were no major postoperative complications (including pulmonary difficulties) in this study. The mean preoperative JOA score was 9.1 Ϯ 2.65, and no specific spirometric parameter correlated with the JOA score.
Discussion
Analysis of the aforementioned spirometric data indicated mild but substantial impairment of respiratory function in patients with compressive CCM. As already reported, the spinal cord is a crucial organ involving descending tracts in the dorsolateral columns that contain reticulospinal pathways essential for respiratory muscle activity. 11 Considering the neuroanatomy of these structures, the compressive CCM, especially that above C3-4, may cause impairment of respiratory function. 4 Impairment of respiratory function in these patients, however, was unexpectedly mild, and its clinical manifestation was subclinical despite the severity of motor and sensory disorders requiring surgical intervention. Possible explanations for the mild respiratory dysfunction associated with the compressive CCM may be the result of the following: 1) less severe damage to the respiratory controlling tracts due to resistance to the chronic compressive stress; or 2) the potential compensatory reactions of the cervical spinal cord to preserve the respiratory system.
In terms of the pathomechanism of respiratory dysfunction in patients with compressive CCM, several authors have reported impairment of anterior C5-T1 nerve roots that supply motor, sensory, and autonomic fibers to the upper thorax, shoulder, and arms; 6, 16 however, the exact pathomechanism of the impaired but preserved respiratory function in CCM awaits elucidation.
Respiratory insufficiency has been cited as a major postoperative complication associated with cervical spine surgery, especially performed via an anterior cervical approach, 2, 3, 12, 14, 15 which was partly because the surgery compromised airway function. Additionally, in cases requiring posterior cervical surgery, placing a patient prone may compromise respiratory function. Preoperative subclinical respiratory dysfunction can also lead to postoperative res-
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Effect of cervical myelopathy on respiration 177 piratory insufficiency. Latimer, et al., 8 have reported that when preoperative %FVC and %FEV 1 values fell below 70 and 65%, respectively, the risk of postoperative respiratory dysfunction was increased. The %FVC dropped below 70% in 10.5% of the patients in the CCM group, whereas this occurred in only 1.2% in the control group, also indicating greater risk in the former group.
In our study, %VC, %FVC, and PEFR values in the CCM group were significantly lower than those in the control group (p Ͻ 0.0001, p Ͻ 0.0001, and p Ͻ 0.0003, respectively). The pathomechanism of this may involve partial injury of the phrenic nerve, weakness of respiratory muscles, and loss of intercostal muscle tone. The mild respiratory dysfunction may also result from an imbalance of the autonomic nervous system in which parasympathetic activity is predominant in healthy individuals. 13 Therefore, chronic compression of the cervical spinal cord would cause predominance of sympathetic activity as well as hyperreflexia, and peripheral airway resistance might be reduced. In fact, %FEV 1 , V50, and V25 values were significantly higher in patients with cervical disease than in the control group (p Ͻ 0.01, p Ͻ 0.04, and p Ͻ 0.009, respectively) probably because of spastic movement of the chest wall. Therefore, smooth and effective breathing under normal conditions would be impaired after disruption of the descending pathways of the phrenic nerves, the intercostal nerves, and sympathetic nerves in the cervical spine. One implication of these findings is that respiration in the patients with CCM was not deep enough and probably caused shortness of breath and an increased respiratory rate.
Dissociation between physical disability and respiratory dysfunction was noted in this study. This may be a result of the neuroanatomy of the cervical spine-that is, motor and sensory function is controlled through tracts in the posterior two thirds of the spinal cord, whereas the nerve tract controlling the respiratory function is included in the anterior one third of the cervical spinal cord. 11 Mild impairment of spinal function in compressive CCM might indicate more significant damage of posterior tracts or potential compensatory reactions of the cervical cord to preserve the respiratory system. In summary, our findings underscore the high incidence of a subclinical disorder in respiratory function in CCM. Although the outcome associated with the disorder would be mild without significant symptoms, its subclinical pathological background should be considered in postoperative management to avoid respiratory complications in such patients.
Conclusions
A subclinical abnormality in respiratory function was determined by spirometry in patients with compression CCM associated with severe motor and sensory disabilities. This abnormality impaired respiration and increased respiratory rate. Although this type of respiratory disorder was generally mild and subclinical in our series, it should be monitored to avoid postoperative respiratory dysfunction.
